ABSTRACT Exposure to potentially alkylating agents in a rubber factory was measured by determining thioether concentrations in urine samples collected at the end of work on a Friday. The study population consisted of the total work force (1 13) in the production departments of a factory, and office clerks (111) in two factories of the same company. The highest excretion of thioethers was detected in female workers in the belt department who were exposed through the palmar skin. High excretion was also found in workers exposed to air-borne contaminants in the calender department and in workers in the raw material stores 
Many different chemical compounds are used in the rubber and other elastomer industries. The number of individual chemical compounds exceeds 500,1 and they may be divided into vulcanisers, catalysts, antioxidants, activators, and filling compounds. Many of these chemicals are water-and lipid-soluble and may be absorbed readily through the skin. Several phases in the production of rubber require manual handling of the material by workers so that chemicals may be absorbed by inhalation and through the skin. This may invalidate the-control of exposure by the determination of the air-borne concentration of contaminants, but no practical method is available for controlling percutaneous added chemicals. Therefore, exposure after curing is probably negligible. The two calenders are used for different types of rubber. The first is used mainly for rubber containing hexamethylenetetramine-resorcinol resin, while different types of mixtures are directed to the second calender. Uncured rubber coming from each calender is manufactured equally by the belt production lines. Although the exposure to hexamethylenetetramine rubber is in principle equal in both lines, there is substantially less skin contamination by rubber in the conveyor belt line.
The skin contamination by rubber of every worker was estimated by one foreman and two physicians on the basis of a half-day observation and knowledge of the jobs. The workers were divided into three categories: heavy, moderate, and light exposure depending on whether the contamination time was 60-100 %, 40-60 %, or less than 40 % of the total work time.
ANALYSIS OF URINARY THIOETHERS AND STATISTICAL METHODS
Urinary thioethers were determined after alkaline hydrolysis as described by Vainio et a12 and expressed as ,umol of urinary thioether per mmol of creatinine in order to adjust for differences in the concentration of urine. The results were evaluated by Student's t test as modified by Cochran.4
Results
The mean urinary thioether excretion, expressed as psmol/mmol creatinine ± SE, was 47 + 1 -8 for 90
cases and 37 ± 1-6 for 63 controls among men, and 77 ± 8-5 for 23 cases and 42 ± 2-3 for 48 controls among women. Cigarette smoking and medication may confound the potential association between occupational exposure and output of thioether. Among men, smoking and medication were equally prevalent among cases and controls, whereas 34 % of female cases and 17%0 of female controls were exposed to cigarettes or medication, or both. In this group the smoking and medication-adjusted mean of urinary thioether excretion was 0-9 ,umol/mmol creatinine higher than the control concentration of 42 ,umol/mmol creatinine. Because of the small effect of smoking and medication, unadjusted figures were used in the results.
The highest mean excretion of thioethers was found among female wedge belt workers (table 1) . The mean for all wedge belt workers was 66 + 8 ,umol/mmol creatinine (31 workers) and that for all conveyor belt workers was 45 ± 4 ,umol/mmol creatinine (21 workers) (p < 0-025). High excretion of urinary thioether was also found among workers in the calender department (table 1) . Workers operating calender No 1 had a mean of 69 ,tmol/ mmol creatinine, which was significantly higher than that of workers on calender No 2 (43 ,umol/mmol creatinine, p < 0 025). Service workers had significantly higher excretion (p < 0-005) than the controls. There was a significant difference (table 2) in the thioether excretion of male workers handling uncured rubber as compared with either workers handling cured rubber or with controls. The difference among female workers was significant only In the present study the difference was 5 ,tmol/mmol creatinine among controls, whereas among cases the difference was higher, suggesting a difference in the exposure between men and women in some departKilpikari ments. The longer contamination time for uncured rubber among wedge belt workers was associated with higher urinary thioether excretion as compared with conveyor belt workers. Wedge belt makers, mainly women, handle rubber throughout the working day, whereas conveyor belt makers handle uncured rubber for only short periods. Hence, handling of uncured rubber seems to lead to an appreciable percutaneous exposure. Inhalation of chemicals and breakdown product fumes from heat-processed rubber at calendering also resulted in increased urinary thioether excretion. There was also a clear difference between the two calenders, although the machines are quite similar. They use different rubber mixtures, however. Calender No 1 mainly uses rubber containing hexamethylenetetramine and resorcinol, which seemed to increase urinary thioether excretion more than other rubber compounds. These chemicals are used only when a good binding of rubber is needed-for instance, to textiles.
It further seems that fully vulcanised rubber articles do not give out contaminating chemicals, which will manifest themselves in high urinary thioether values.
Excretion of urinary thioethers correlated with the production scheme. Compared with methods estimating air-borne exposure, urinary thioether determination appears to be a reliable and easy method of assessing the exposure to rubber chemicals. 
